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LONG-TERM  GOALS 

This  research  is  to  develop  infrared  remote  sensing  techniques  to  quantify  exchange  processes  at  the  air- 
sea  interface  utilizing  similarity  scaling  for  the  fluxes  of  heat,  gas,  and  momentum.  The  primary  focus  is 
to  understand  the  spatial  and  temporal  evolution  of  the  ocean  thermal  boundary  layer  through  infrared 
detection  of  the  bulk- skin  temperature  difference.  We  also  address  the  development  of  laboratory  and  in 
situ  calibration  techniques,  which  are  essential  to  making  measurements  of  useful  accuracy. 

OBJECTIVES 

The  objectives  for  FY98  are  (1)  to  develop  infrared  imaging  techniques  to  investigate  microscale  wave 
breaking  and  (2)  utilize  those  techniques  to  quantify  the  role  of  microscale  wave  breaking  in  surface 
roughness  modulation  at  scales  relevant  to  infrared  and  microwave  measurements. 

APPROACH 

The  approach  is  to  use  field  and  laboratory  measurements  to  quantify  the  variability  of  IR  SST  and  as  a 
guide  to  modeling  the  effect  of  waves  and  wave  breaking.  In  addition  to  the  PI,  key  personnel  are:  Mr. 
Chris  Zappa,  graduate  student,  Ms.  Christine  Richardson,  graduate  student,  and  Dr.  Ellen  Lettvin,  post¬ 
doctoral  fellow. 

WORK  COMPLETED 

Work  over  the  past  year  has  focussed  on  preparation  for  the  laboratory  and  field  experiments  that  will 
take  place  in  FY99. 

1.  With  graduate  student  Mr.  Chris  Zappa  and  Professor  Harry  Yeh  (Dept,  of  Civil  Engineering,  Univ. 
of  Wash.),  we  reported  on  the  skin  layer  recovery  of  free-surface  wakes  [Zappa  et  al.,  1998]. 

2.  Two  laboratory  experiments  have  been  completed.  The  first  at  the  University  of  Washington  Wind 
Wave  Tank  was  devoted  to  simultaneous  IR,  radar,  and  sonar  experiments  in  collaboration  with  W. 
J.  Plant  and  P.  H.  Dahl.  The  second  was  a  preliminary  study  of  the  modulation  of  skin  temperature 
by  long  waves  done  at  the  NASA  Wallops  Island  facility. 

3.  Preparations  for  the  main  laboratory  measurement  campaign  at  the  NASA  Wallops  Island  Air-Sea 
Interaction  Facility  have  been  completed.  The  measurement  period  is  scheduled  for  November  1998. 
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4.  Preparation  is  ongoing  for  airborne  measurements  to  be  made  in  February  1999  using  the  NOAA 
Twin  Otter  during  a  pilot  experiment  for  the  Shoaling  Waves  DRI  by  W.  J.  Plant. 

SCIENTIFIC  RESULTS: 

1.  Skin  Layer  Recovery  of  Free  Surface  Wakes 

The  thermal  signatures  of  tree-surface  wakes  observed  in  the  open  ocean  show  that  the  recovery  of  the 
cool  skin  layer  is  related  to  the  degree  of  surface  mixing  and  to  ambient  environmental  conditions. 
Wakes  produced  by  two  surface-piercing  cables  of  0(0.01  m)  in  diameter  are  analyzed  using  infrared 
imagery.  Under  low  wind-speed  conditions  when  the  swell  and  surface  current  were  aligned,  the  wakes 
exhibited  distinctive  patchlike  features  of  0(1  m)  in  diameter  that  were  generated  by  the  passage  of 
individual  waves.  The  time,  t*,  required  by  the  skin  layer  to  recover  from  these  disturbances  is  compared 
to  the  surface-renewal  time  scale  x  used  in  heat  and  gas  flux  models.  At  low  wind  speeds,  t*  is 
comparable  to  x,  but  at  moderate  wind  speed  the  agreement  is  poor.  The  spatial  and  temporal  variations 
in  the  skin  temperature  of  these  wakes  are  related  to  a  wave  Reynolds  number  used  to  characterize  the 
strength  of  the  disturbance  due  to  the  waves.  The  recovery  process  is  characterized  in  terms  of  the 
restoring  internal  energy  flux,  Jr,  which  is  proportional  to  both  the  initial  thickness  and  the  thermal 
recovery  rate  of  the  skin  layer  and  was  found  to  be  directly  related  to  the  strength  of  the  surface 
disruption.  Comparison  of  the  wake  results  with  laboratory  and  other  field  measurements  of  breaking 
waves  implies  that  J,  is  also  a  function  of  the  net  heat  flux  and  background  turbulence,  which  relate 
directly  to  the  existing  environmental  conditions  such  as  wind  stress  and  sea  state.  Our  results 
demonstrate  that  J,  may  differ  by  several  orders  of  magnitude,  depending  on  the  environmental 
conditions. 

2.  Laboratory  Measurements  of  Microscale  Wave  Breaking 

The  preliminary  measurements  of  skin  temperature  modulation  by  long  waves  were  performed  at  the 
Wallops  Island  facility  in  preparation  for  the  main  experiment  scheduled  for  November  1998.  An  Agema 
Radiance  HS  infrared  imager  was  used  to  determine  the  modulation  of  microscale  wave  breaking  by 
long  waves.  For  a  long  wave  frequency  of  0.8- 1.0  Hz  and  amplitude  of  1-4  cm  propagating  with  the 
wind,  we  observed  significant  modulation  for  winds  greater  than  5  m/s  at  a  fetch  of  5  m.  When  the  long 
wave  direction  was  opposite  to  the  wind  direction,  the  phase  and  character  of  the  modulation  changed 
significantly.  Analysis  of  these  preliminary  results  is  ongoing  and  will  be  used  in  the  design  and 
execution  of  the  main  experiment. 

IMPACT  FOR  SCIENCE 

The  potential  significance  of  microscale  breaking  waves  in  radar  backscatter  has  been  indicated  by 
recent  efforts  to  model  observations  of  microwave  backscatter  near  grazing  [Trizna  and  Carlson,  1996] 
and  at  large  incidence  [Plant,  1997].  Our  previous  results  have  shown  that  infrared  techniques  can  be 
used  to  detect  and  quantify  microscale  wave  breaking.  The  laboratory  measurements  will  provided 
detailed  information  on  the  modulation  of  microscale  wave  breaking  by  long  waves.  The  field 
measurements  will  provide  the  degree  of  microscale  wave  breaking  that  should  lead  to  a  quantiative 
evaluation  of  the  role  of  microscale  breaking  waves  in  radar  backscatter  at  large  incidence  angles. 


RELATIONSHIP  TO  OTHER  PROGRAMS  OR  PROJECTS 


This  work  is  related  to  a  collaborative  effort  with  Dr.  W.  E.  Asher  (APL-UW)  to  determine  the  role  of 
microscale  wave  breaking  in  air- sea  gas  transfer.  The  relationship  is  that  similar  techniques  and 
laboratory  efforts  are  combined  in  order  to  reduce  costs.  During  FY99,  field  measurements  of 
microscale  wave  breaking  will  be  made  in  conjunction  with  microwave  measurements  by  Dr.  W.  J.  Plant 
(APL-UW). 
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